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CLAIMS 



What is claimed is: 

1 1 . A capillaiy pump loop (CPL) cooling system, compiising: 

2 a first ev^rator, adapted to be tfaennally coupled to a first semiconductor heat 

3 source, including a cavity in which a worldng fluid is evaporated from a liquid state into a 

4 yapm state and having a liquid inlet port to receive the wmking fluid in a liquid state and a 

5 v^Mir outlet port fiom which the working fluid exits the evaporator in a vqxnr state; 

6 a first widdng structure, having an iiqiut side to receive the working fluid in a liquid 

7 state and including a plurality of czpiUzxy channels to draw the woikhig fluid into the 

8 evqwrator through a cq>illary transport mechanism; 

9 a first condenser to condense the working fluid fiom a vapor state into a liquid state, 

1 0 having a vapor inlet port to receive the woiking fluid in its vapor state and a liquid outlet port 

1 1 from which the working fluid exits the condenser in its liquid state; 

12 a vapor transport line operatively coupling the vapor output port of the evq}orator to 

13 the vapor inlet port of the condenser; and 

14 a liquid transport line operatively coupling the hquid ou^ut port of the condenser to 

15 the liquid inlet port of the evaporator. 

1 2. The CPL cooling system of claim 1 , wherein the first wicking structure is disposed 

2 within the cavity in the evaporator. 

1 3. The CPL cooling system of claim 1, wherein the first condenser fiirther inchtdesin 

2 ' internal cavity in which a volume of the working fluid is maintained in its liquid state, 

3 thereby fimctioning as a reservoir in addition to a condenser. 
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1 4. The CPL cooling systCTi of claim 1, iuitfaer comprising a reservoir having an inlet 

2 operatively coupled to the liquid outlet port of the first condenser via a first portion of the 

3 liquid transport line and an outlet operatively coupled to the liquid inlet port of the evaporator 

4 via a second portion of the liquid transport line. 

1 S. The CPL cooling system of claim 1 , wherem the first wicldng structure comprises a 

2 volume of a sintered material. 

1 6. The CPL cooling system of claim 5, wherein the sintered material conaprises a 

2 sintered copper. 

1 7. The CPL cooling system of claim 1, wherein the first widdng structure comprises a 

2 piece of meshed material disposed within the evaporator. 

1 8. The CPL cooling system of claim 1, finlher comprising: 

2 a second evaporator adi^ted to be thermally coi^led to a second semiconductpr heat 

3 source, including a cavity in which a working fluid is evaporated fiom a liquid state into a 

4 vapor state and having a liquid inlet port to receive a portion of the working fluid in a liquid 

5 state and a vapor outlet port firom which a portion of the working fluid exits the evtqporator in 

6 avaporstate; 

7 a second wicking structure, having an mput side to receive the working fluid in a 

8 liquid state and including a plurality of capillary channels to draw the working fluid into the 

9 evaporator through a capillary transport mechanism; 

10 a vapor transport line connection segment operatively coupling the vapor outlet port 

11 of the second evaporator to the vapor transport line; ancT 

12 a liquid transport line connection segment operatively coupling the liquid inlet port of 

13 the second evqxnator to the liquid transport line. 
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1 9. The CPL cooling system of claim 1 , furtb^ comprising a heatsink tfaennally coupled 

2 to the condenser. 

1 10. The CPL cooling system of claim 9, further comprising a fan disposed relative to the 

2 heatsink so as to draw air across the heatsink when the fan is operated. 

1 U . The CPL cooling system of claim 1, wherein the woridng fluid comprise water. 

1 12. The CPL cooling system of claim 1 , further comprising: 

2 a second condenser to condense a portion of the woridng fluid fiom a yapar state into 

3 a liquid state, having a vapor inlet port to receive the working fluid in its vapor state and a 

4 liquid outlet port from which &e working fluid exits the condenser in its liquid state; 

5 a vapor transport line connection segment operatively coupling the vapor inlet port of 

6 the second condenser to the vapor transport line; ;and 

7 a liquid transport line connection segment operatively coupling the liquid output port 

8 of the second condenser to the liquid transport line. 

1 13. The CPL cooling system of claim 1 , wherein at least a portion of each of the liquid 

2 transport line and the vaposr transport line is flexible. 

1 14. The CPL cooling system of claim 1, wherein the components of the cooling systeoa 

2 are configured to operate in a coDnputer server having a lU form factor. 

1 15. A condenser, comprising: 

2 ' a single coil of tubing having a helical configuiaBon and including an inlet port to 

3 receive a working jfluid in a vapor state and an outlet port fiom which the working fluid exits 

4 the condenser in a Hquid state; and 
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S a plurality of fins disposed about a centerline of the single coil of tubing. 

1 16. The condenser of claim 1 5, further comprising a low-profile centrifugal £m disposed 

2 within the single coil of tubing and operatively coupled to the single coil of tubing, said low- 

3 profile centrifugal laa including a motor coupled to a fan rotor comprising a plurality of fim 

4 blades that when rotated by the motor cause air to flow over the plurality of fins to assist in 

5 removing heat fiom the condenser. 




A thin-profile condenser, comprising: 



2 * a cover plate; 

3 a channeled base member having an external wall extending around a periphery 

4 thereof to which the cover plate is secured so as to define a sealed cavity, and further 

5 including at least one internal wall including a portion disposed substantially adjacent to a 

6 portion of the external wall so as to define a capillary channel, said at least one internal wall 

7 dividing the sealed cavity into a condensing region and the capillary channel; 

8 an vapor inlet port to receive a woikmg fiuid in a vapor state operatively coupled to 

9 the sealed cavity; and 

10 a furst liquid outlet port fmm which the woildng fhiid exits the condenser, operatively 

1 1 coupled to an outlet end of die capillary channel.. 

1 J^i^ thin-profile condenser of claim 1 8, further comprising a charge port operatively 

2 coupled to the condenser to enable the condenser to be charged with the working fluid. 

1 ^jCj thin-profile condenser of claim 1 8, further comprising a hole extending through 

2 ' the condensing region. 
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The tfain-profile condenser of claim 18, wherein said at least one internal wall 

2 inckdes waD portions that arc configured so as to flicnnally isolate the cq)illaiy channel fiom 

3 the condensing region. 

The dun-profile condenser of claim 18» wherein said at least one internal wall 

2 includes portions that are configured symmetrically so as to fonn a centrally-disposed 

3 condensing region connected to a first capillary channel disposed on a first side of the 

4 condensing region and a second c^illaiy channel disposed on a second side of the 

5 condensing region opposite of the first side. 

1 -^^^ thin-profile condenser of claim 20, further comprising a second liquid outlet port 

2 operatively coupled to an outlet end of the second cqnllary channel. 

1 ^® thin-profile condenser of claim 18, further comprising a plurality of post disposed 

2 within the coiulensing region extending betwera the channeled base member and the cover 

3 plate. 



1 ^^*f ^^'I^filG<^<i^er of claim 18, further comprising a heatsiiik them 

2 coupled to tiie cover plate. 

1 "^^^ tfain-profile condenser of claim 23, wherein the heatsink comprises a base plate 

2 having a plurality of pins extending upward therefiom. 

1 J5r" The thin-profile condenser of claim 23, fiirther comprising a centrifugal &n including 

2 an annular fan rotor having a plurality of fan blades di^sed around a periphery of the 

3 heatsink so as to draw air across the heatsink when rotated. 



21 



Attorney Docket (M2390.P11893 

1 ^ An evaporator, comprising 

2 a base in which a cavity is defined within a peripheral portion thereof and configured 

3 to be theimaily coupled to a semiconductor heat source; 

4 a top cover secured to the peripheral portion of the base so as to define a sealed 

5 volume in which a woridng fluid is vs^rized; 

6 a liquid inlet port to receive the woridhg fluid in a liquid state, operatively coupled to 

7 the sealed volume; 

8 a v^r liquid inlet port firom which the woiidng fhiid exits the eva^Ksrator in a vapor 

9 state, operatively coupled to the sealed volume; and 

10 a wicking structure, disposed within a portion of the cavify, having a top surface on 

1 1 which a meniscus of the woricing fluid is fonned and a bottom surface into which the 

1 2 working fluid is drawn through a capillary mechanism and a pressure differential between a 

1 3 pressure of the working fluid in the meniscus and a pressure of vaporized woiking fluid in the 

14 sealed volume. 



1 yK The evaporator of claim 26, further comprising a plurality of structural elements 

2 extending between the base and the top cover so as to prevent tiie sealed volume fitom 

3 collapsing when the evaporator is operated such that evsporation of tiie working fluid occurs 

4 under sub-atmospheric conditions. 

1 2^^^ The ev{q)orator of claim 26, wherein the wicking structure comjirises a volume of a 

2 sintered material. 

1 The evaporator ofclaim 27, wherein the sintered material conmrises a sintered * 

2 copper. 
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1 30:^ The evaporator of claim 27, wherem each of the base and the top cover comprise 

2 stamped metal components. 
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